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AUSTRACT 
Distribution of phytoplankton, chlorophyll a and phaeophytin was studied at different locations in the 
Mahi estuary during 1982. The water quality at the dt<;charge potnt was poor whilt· the region away from 
it was relatively unpolluted. The results indicated a wide range of variation in phytoplankton population 
(7.68-5010. 96x10 ~ cdls/1, chl. a 2.22-58.22 mg/m1) and phaeophytin (0.20-10.21 mg/nr1). The ratio of chi. a/ 
phaeophytin were remarkably low at highly polluted stations. Higher abundance of the genera 
Oscil/atoria and Nitzschia were recorded at polluted station~. The diversity of species at the unpolluted station 
was higher (1.56) as compared to the polluted station (1.07). 
INTRODUCTION 
Though there are number of studies on the 
distribution of phytoplankton and their pigments 
in the estuarine waters of India (Qasim and Reddy, 
1969; Vijayalakshmi and Venugopalan, 1973; 
Bhargava and Dwivedi, 1976; Achuthankutty eta!., 
1981), the present study is the first record from 
highly polluted, less polluted and relatively unpolluted 
waters of the Mahi estuary in Gujarat (NIO Report; 
1982) 
The 600 km long Mahi river runs more or less in the 
east west direction and joins the Arabian Sea at the 
northern part of 1 he Gulf of Cam bay ncar Kamhoi 
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(Fig. 1). The estuarine stretch extends upto 
Mahammadpura which is about 50 km upstream. 
The silt near Mahammadpura acts as a barrier 
between tidai flow and river discharge especially 
during the dry season (NIO Report, 1982). Sea 
water crosses this silt only during the spring hi?h 
tides. The river receives a large amount uf 
industrial effluents from various industries located 
in and around Baroda (Long. 73° 13 'E & Lat. 22r· 
17'N) and also domestic sewage at Mini Point anu 
Mini Bridge. Hence, the above two stations were 
considered. as highly polluted zones which 
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ultimately contaminate the stations further 
downstream thereby causing less polluted zones 
towards the mouth region of the estuary. Ten 
stations viz. Mahi national highway (M
1
), Mini 
national highway (M 2), Mini point (M3), Mini 
bridge (M4), Dabka (M5), Mahammadpura (MJ, 
J point (M7), Shivamandir (M8), Kavi (M,), and 
Gangua (M 10), from the Mahi river estuary were 
selected for the present study (Fig.1). M 1 was 
considered relatively unpolluted station since it 
was far away from the discharge point. 
MATERIAL AND METHODS 
The samples were collected during the 
premonsoon (May), monsoon (August) and 
postmonsoon (October) periods of 1981. Water 
sample (500 ml) collected with the help of a clean 
plastic bucket from the surface was preserved in 
Lugol 's solution for the analysis of phytoplankton 
(APHA, 1980).Taxonomic studies on phytoplankton 
were carried out only at 6 stations. In addition 
500 ml of surface sample was collected for the 
estimation of chlorophyll as per Strickland and 
Parsons (1971 ). Species diversity was calculated 
by the method of Margalef (1967). Algal biomass 
(standing crop) was estimated assuming that the 
chl.a constituted on an average, 1.5% of the dry 
weight of the organic matter (ash free wt.) of algae 
(Raymont, 1980). 
RESULTS AND DISCUSSION 
Although the estuarine mouth experienced 
substantial tidal influence with the mean spring 
high tide contributing about 5.5 m, the presence of 
a rocky sill at M6 acted as an effective tidal 
barrier. The waste released through Mini rivulet 
had a tendency to accumulate in the river stretch 
between Dabka (M5) and Mahammadpura (Me) 
(NIO Report, 1982). 
The physico-chemical characteristics of the river 
were described elsewhere (NIO Report, 1982-). 
The Mini Rivulet transported considerably high 
load of nutrients with average PO/ -_p of 9 to 69 
~tg-at/1, N03--N levels of 8 to 43 pg-at/1 and NH+4-
N 41 to 143 ~tg-at/1. This resulted in high 
availability of nutrients at stns M3 and M4• The 
levels of nutrients decreased considerably in the 
lower estuary (salinity, 7.89 - 20.96%o), with 
concentrations of 1 to 6 of POt-P, 2 to 14 of 
N03-- N and 1 to 9 NH,1 + N ~tg- at/1 at stns from 
M7 to M10 •. · 
The levels of chi. a and phaeophytin (Fig. 2) 
have shown considerable fluctuations. The 
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Fig. 2 : Variations of chi. a, phaeophytin and 
phytoplankton population at different stations during 
different seasons. 
recorded average concentration of chi. a was the 
highest at stn M5 (58.22 mg/m3) and lowest at stn M 10 
(2.51 mg/m3). At M1 the values of chi. a were recorded 
to be lower than that of polluted stations. 
Considerable decrease in the level of average 
phaeophytin (0.2-0.32 mg/m3) was observed at this 
station. The mean ratio (19.6) of chi. a/ phaeophytin 
suggested a healthy condition of phytoplankton cells 
(Raymont, 1980). The values of chi. a and phaeophytin 
showed a relative increase at St. M2 (Fig. 2) as 
compared to St. M1• But the average ratio of chi. 
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a I phaeophytin was much lower (3.09). At the 
highly polluted stns M3 and M4 the concentration 
of phaeophytin (3.77-10.2 mg/m3), was very high 
(Fig. 2). The average ratios of chi. alphaeophytin 
were 1..5 and 1.16 at M3 and M4 respectively which 
might be due to the presence of unhealthy cells 
probably due to the influence of the waste water 
discharges. 
In general, the concentration of chi. a was higher 
during post-monsoon than that of monsoon and 
pre-monsoon season. The observed maximum value 
of chlorophyll a (91.32 mg/m3) and phaeophytin 
(15.8 mg/m3) at St. M5 during October (post-
monsoon) might be due to the bloom of Fragilaria 
crotonensis. However, the average ratio of chi. a I 
phaeophytin at this station was higher as compared 
to Sts. M 3 and M4 (Fig. 2). 
There were significant fluctuations and decline in 
the concentrations of chi. a and phaeophytin during 
ebb and flood periods at downstream stns (M
7 
to 
M 10) which could be due to the shallowness of 
the estuai·y having high turbidity because of the 
suspension of silt resulting in poor light conditions 
for the growth of phytoplankton. The chlorophyll . 
values in Mahi estuary were comparable with those 
reported for Narmada estuary and adjacent creeks 
(Gajbhiye et a/.,1981). 
Noticeable concentrations of phaeophytin at highly 
polluted stns (M3 and M4) with considerably low 
ratios of chlorophyll a to phaeophytin indicated an 
unhealthy condition of the phytoplankton cells. This 
may be due to the discharge of effluents at these 
locations. These high values of phaeophytin at M3 
and M4 were associated with considerable high 
level of ammonia and phosphorus. Higher 
phaeophytin values associated with higher nutrient 
values were also recorded off Goa (Devassy et a1., 
1979). Higher concentrations of phaeophytin 
during ebb than during flood at all downstream 
stations also could be attributed to discharge of 
effluents. 
The results on phytoplankton population are 
presented in Table I & II and Fig. 2 & 3. At the 
polluted stn M3 (NIO Report, 1982). very high 
abundance (93%) of Osci llatoria tenuis was found 
to be associated with low dissolved oxygen (below 
1 mg/1) and appreciable levels of PO/--P and NH•4-
N (NIO Report, 1982). It has been reported (Yentch, 
et at., 1972) that the significant presen~e of 
phosphate in natural population accelerated the 
growth of algae Oscillatoria to overcome growth 
limitation. At stn M4 where the level of dissolved 
oxygen slightly improved (NIO Report, 1982), 
Osci llatoria chlorina, O.Jormosa and 0./imosa 
together contributed an average of 37.4% of· the 
total population. But the increased level· of 
NW4-N (143 ~tg-at/1) in August (NIO Report 1982) 
at this station favoured Nitzschia palea, N. bi fobata, 
and N.sigma to grow in abundance which together 
contributed about 50% of the total phytoplankton 
population. It was indicated by Palmer (1980) that 
Nitzschia palea, N. sigma, Oscillatoria tent1is, 
0./imosa, O.formosa, O.chforina and Anabaena 
constricta were more likely to be present than any 
other species whe.n organic pollution exists. A 
few species in considerably high numbers were 
also recorded in polluted waters of Thana .Cre~k, 
Bombay (Abidi et a!., 19Hl ). However, the 
phytoplankton population at stn. M 4 was 
relatively lower than that of other stations whi.ch 
could be attributed to high concentration of NII\-N 
( 41-143 ~tg-atll). Low phytoplankton stocks 
associated with the high level of nutrients was 
also indicated by Bhunia and Chaudhary (198~). 
Table I: Representation of different spectes of phytoplankton at l'arious stations in Mahi estuaryduri11g 
1981. 
Species 
Plwrmidium uncinatum 
Phormidium Sp. 
Spirulina sp. 
Agmenellum sp. 
A. quadriduplicatum 
Anacystis sp. 
Stations 
May Aug Oct Aug Oct Oct Aug Oct May Aug Oct May Oct 
Cyanophyceae 
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Species Ml Mz M3 M4 Ms M6 
May Aug Oct Aug Oct Oct Aug Oct May Aug Oct May Oct 
Cholorophyceae 
Botrycoccus sp. + 
Closterium sp. + + + 
Pediastrum sp. + + + + + 
P.simplex + + + 
Scenedesmus sp. + + + + + + + + + + 
Sphaerocystis sp. + 
Actinastrum sp. + + + + 
Distephanus sp. + + 
Euglena sp. + 
Holopedium irregular + + 
Chlorococcum sp. + + + 
Bacillariophyceae 
Asterionella sp. + + + 
Chaetae eros sp. + + 
Coscinodiscus excentricus + 
C.marginatus + 
C.nitidus + 
Leptocylindricus danicus + 
Pleurosigma angulatum + 
P. directum + + + + 
Cyclotella striata + + + + 
Thalassiosira sp. + + 
Thalassionema nitzschioides + 
Thalassiothrix sp. + 
T. frauenfeldii + 
T.longissima + + 
T. Iepidoptera + + 
Navicula pelagica + + 
N.directa + + + + 
N. dista11s + + + + + + 
N. viridula + + + 
Rhizosolenia sp, + 
R.rohusla + 
Surirel/u sp. + + + + + 
Bacteriastnm1 sp. + 
Cocconeis sp. + + + 
Cc•'•ifaulinu bergonii + + 
Guinardia flaccida + 
Gyrosigma balticum + 
Melosira sp. + + 
M. granulatu. + 
S.vnedra acus + + + + 
S. alna + + 
Skelctonema costatum + + 
Stcplumopyxis sp. + 
+Present 
-Absent 
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Table II :Population density of common species of phytoplankton at different stations in Mahi 
estuary during 1981. Values are noxJOfcells/1. 
Stations 
Species Ml M2 
M<1y Aug Oct Aug Oct 
Anabaena sp. 0.17 0.17 15.40 8.40 
A. constricta 
Oscil!atoria cltlorina 0.65 0.53 1.91 14.50 14.95 
0. formosa 2.17 1.50 
0. limosn 0.65 0.95 1.67 10.00 5.00 
0. tcnuis 3.20 2.75 
0. lautcrbomii 0.85 1.54 0.83 
Osciflatoria sp. 
0. purrida 
Fragi/aria crotoncnsis 4.13 
F. islandica 1.54 
Nitzschia sp. 0.64 0.25 5.0 6.40 5.T2 
N.clostcrium 0.88 1.33 0.42 8.00 2.43 
N.palca 0.84 
N.pungcns 0.1 1.00 
N.bilobata 
N.sigma 
Pcdiastmm sp. 0.83 0.81 0.72 1.05 
P.simplcx 
!Yfycrocystis sp. 
Sccncdcsmus sp. 0.75 0.83 0.07 1.28 
Stauroncis sp. 0.67 0.33 0.18 3.82 
The recorded phytoplankton cell count (1.3x104/1) 
at stn. M 1 during May increased to (7 .7x104/1) during 
August. Again noticeable increase in 
phytoplankton cell counts (22.7 x 10'1/1) was 
recorded at this station which indicated that 
environment was conducive for some of the 
common genera viz., Nitzschia, Fragi llaria, 
Oscil!atoria, Pediastrum and Scenedesmus (Jiyal81, 
1985). 
Phytoplankton counts at stn M" were much higher 
in August (59.0 x 104/1) and Oct~ober ( 42.57 x 104/1) 
(Flg.2). But the diversity of species decreased at 
this station and Oscillatoria was the dominant 
genus. However, considerable reduction in 
phytoplankton species diversity at Stn. M3 and 
M4 could be attributed to severe organic pollution 
associated with high levels of NfP4-N and PO/-P, 
M3 M4 MS M6 
Oct Aug Oct MRy Aug Oct MRy Oct 
1.05 1.2 1.74 
3.68 3.86 2.52 14.20 2.41 
1.03 3.46 0.96 11.20 3.85 
1.68 1.73 0.04 12.50 4.55 
54.4 1.65 5.52 23.33 14.80 1.32 
15.06 1.23 38.50 9.78 
7.33 19.00 
50.07 3.3 14.80 
1.14 1.15 -3453.55 
86.00 
10.87 1.53 ,.. 9.90 10.00 
1.36 1.1 1.20 12.55 0.54 9.00 17.66 11.00 
0.39 5.31 8.52 18.80 2.4 33.80 
0.09 
0.27 2.46 
1.02 1.03 1.30 
0.61 1.05 
0.83 0.06 0.94 0.30 1.06 
1.82 427.10 
0.05 0.47 1.36 
0.71 1.15 0.19 14.44 0.84 0.2 0.44 1.04 
and low levels of dissolved oxygen (around zero). 
Overdose of nutrients allow only a few species to 
grow in abundant number (I3hunia and Chaudhary, 
1982). Low dissolved oxygen may be one of the 
limiting factors for the growth of a few 
phytoplankton species (Jiyalal, 1985). 
At stn. M 5, phytoplankton population showed 
remarkable cdl count (Table 2 & Fig. 2). Although 
the highest average of cell count was recorded at 
this station, the species diversity (1.06) was 
considerably low (Fig.3). The bloom of Fragilaria 
crotonensis and F. islandica were noticed in October 
at this station. When such an inshore bloom of 
phytoplankton dominated by a few species was 
noticed, the diversity and equatability were found to 
be low (Raymont, 1980; Raman and Prakash, 1989). 
Complete absence of Nitzschia made the 
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environment suitable for the high growth of 
Oscillatoria spp. in May which was again 
replaced by Fragilaria in October with a bloom 
contributing 86% of the total population. In August, 
when the concentration of NlP4 - N (18.78 ~tg-at/1) 
and N03 • N ( 45 pg-at/1) improved and the P034 '-P 
level decreased (N IO Report, 1982) to 5.5 
~-tg-at/1, the populmion of Oscillatoria (15%) also 
showed the decrca:--ing trend with an increase in 
the population of Melosira (21 %) and 
Phormidium (23%). During October, when the level 
of NH'4-N increa:--,J to 82.0 pg-at/1, Fragilaria 
bloom ocurred (Figc.. 2 & 3, Tuble 2). 
The present stull\' hus indicated thut the 
high concentrution of PO\-P acceleruted un 
appreciuble growth of Osci/latnria, but ut the 
sume time the higher level of NO·,-N, NO·,N or 
NH' 4-N favoured L'xcellent growtl1 of Nitz"Schia 
spp., whereas Fragilaria bloomed when high 
concentrution of Nil/- N (Jiyalul, 1985) prevailed. 
This clearly proves the replucement of phytoplankton 
species in uccorclance with avuilability suitable 
nutrients. 
Phytoplankton population clecreuscd at M6 (Tnble 2 
& hg. 2). Species diversity wus found to be 
higher than that at M~. Nitzschia spp. ancl 
Osci !Ia tori a spp. were tn abundance. 
Freshwater zone (NIO 1982) was characterized by 
the genera Anabaena, Closterium, Distephanus, 
Euglena. Agmenellum, Chlorococcus, Holopedium, 
Chlorococcum, Anacystis and Sphaerocystis. But 
these genera were absent at M6 where the salinity 
was discernible. However, the concentration of 
phytoplankton and their pigments was minimum 
during monsoon and maximum during post-monsoon. 
Minimum phytoplankton during monsoon and 
maximum during premonsoon was observed by 
Bhargava and Dwivedi (1976) in Zuari Estuary. 
I Iigh rutios of phosphorous to chlorophyll (Lohrenz, 
1988), observed ut low chlorophyll concentrations 
suggested that the pigment is quickly decomposed 
as the cells died but the phosphorus remained bound 
for some time with the organic detrital material 
(Ketchum eta!., 1958). 
However, it is clearly .discernible that in the highly 
polluted water only the hardy species such as 
Oscil!atoria tenuis, 0. chlorina, 0. formosa, 
O.limosa, Nitzschiapalea undN. sigma could grow in 
abundance. Thus these species can be used as the 
indicators ofwater pollution (Palmer, 1980). Highest 
degree of pollution index for Oscillatoria (5) and 
Nitzschia (3) was shown (Palmer, 1980). Anabaena 
Tuble III : Results of correlation between different 
parameters 
Phytopla- Ph a eo- Standing chi. a 
nkton phytin Crop 
population 
DO 0.544~ 0.163 0.693 ** 0.669** 
Ammonia 0.408 0.2'i1 0.188 0.227 
Phosphate -0.116 0.037 -0.271 -0.213 
Nitrite -0.026 0.261 0.095 0.135 
i\itrate -0.380 -0.177 
-0.624 * -0.400 
* 
... 
Phytoplankton * 
Population 0.502 0.853 ''** 0.851 
Phaeophytin 0.702** 0.7!5** 
Ave1~1ge nutrient 0.195 
~ 0.1 <*0.05<**0.0 1 <***0.00 I 
constricta and Nitzschia closterium presently 
recorded 8! highly poll utcd stations were reported 
by Palmer(l980)as the algae of polluted waters. 
The regression coefficient (r) (Table lii) between 
phytoplunkton und stunding crop showed the 
significance level to be TYfo, whereas the same wus 
25% between phytoplankton and phaeophytin and 
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51.1Sri'r· between chi. a and phac·ophytin. The 
rcgrc:-.sion coefficient hctwcvn phytoplnnkton 
pnpul<llion and nutrients indicat<:d thnt though there 
was no signi l"ic<lllt correlation of phytoplankton 
popul<ltion or sl<lnding crnp to different nutrients 
sqwrately. the rcgrcs:-.ion cocf"ficknt (r) usually 
accounted for ncgatiw val ucsexcept with 81111110niacal 
nitrngen. These ncg<ltive regression wducs could be 
due to the fact that at tlw time of appreciably 
high phytoplankton population and pigments, the 
nutrient concentrations were noticeably low which 
indicated the utilization or nutrients. Earlier reports 
also indicated no ui:-.tinct relationship between 
phytoplankton popul:ttion and nutrients (Mathew 
nnJ Nair.l()~l)in a coastal lagoon along the 
south-\\'Cst cnust of Indiu. 
llowcver, higl1 signil'ie<lllt cotTCl<lti()n (at O.OOllcvei) 
w:ts oht:tincu between phytop/;mkton population 
and swnuing crop as well as with chlorophyll 
values. The cnrrel ;1t ion bc·t \Wen standing cror and 
[)() and between chi. a and DO were signiilcHnt (at 
0.0 I level). The correlation of phywplankton 
popu!:1tion or ell!. a \Vith nutrients was not 
stgnilkant. 
ACKNOWLEDG El\1 ENTS 
The auth,•r is gratcl'ul to Dr. B N.Dcsui. Director, 
N<ttiumil Jnqitutc or Oceanography and Dr. M. D. 
Zingde. Scicntist-in-cllCirgc, RC or NIO, 13omhay for 
!'acilitil'S and CI1Ullii':I);Cil1ellt. fhunks <ll'C due tO 
Dr. (1\lrs.) Vijayalabhmi H.. Nair unJ Dr. K. 
Goviml:m. Scientists. RC ·, NIO. Bombay ('or their 
suggestions ;111d help 
REFERENCES 
Ahidi, S.A.II., Desui, B.N. and Jiyalal l~am, 1\L 
t<mt. Stuc.Jic~' on tl1c hydrography anc.J plankton or 
waters of Aklwrpatti ncar N<tvapur. west cows! of 
lndh. Mahosagar-13ull. nmn. Ins/. Oceanogr. 16 ( 1) · 
9 I .. <)J... 
Adlllthankutty. C.T., Nair, S.R., Devassy, V.P. anc.J 
Nair·, V .R. I <JX t. Plankton compnsition in two estu-
mic~ of the I<.onkan coast during premonsoon senson. 
Mo!ta.\o,gar-!Ju/1. na111. Inst. Occanogr. 1-U I): .S.S-60. 
1\PJI/\. 19kO. Standard Methods for the Examination 
of Water and \V;1stc watcr,l<>th Editil1n, 1\PIIA, 
!\ WW A WPCF, New York 12hK pp. 
Bhat·gava, H.. M.S. and DwivedL S.N. 197(>. Seasonal 
di~tribution of phytoplankton pigments in the 
estuarine sy::;tcm oJ'(io<t. lndion.I.Mor. Sci. 5: fl7-90. 
Devassy, V .P ., Bhattat hid, P .. l\ LA. and Qasi m, S.Z. 
197<). Succession of orgunisms following 
Triclwdcsmium phenomenon. Indian J. lvfar. 
Sci. 11 : ~N-93. 
Gajhhiye, S.N., .Jiyallll Ram, M., Nair, V.R. and 
Desai, B.N. 1 ()X I. Plankton of the Narmada estuary 
and adjacent creek. !If nhasagar-Bull. JUlin. Jnst. 
Occnnogr. 14 : 23-31. 
.Jiyalal Rnm, M., l9Wi. Studies on phytopli.mkton in 
the polluted and unpoll1.11ed aquatic environments of 
the north west coast oflndia,Ph.D .. Thcsi.s~ UniPersity 
of Bombay. 523 pp. 
Ketchum, lUI., Rythe1·, .].11., Yentsch, C.S. and 
Corwin, N. I 958. Productil'ify .in relation to nutri-
ent.\. Internatiomil Exptod\.! Ia Mer, 144: 70 pp. 
Lolu·enz. S.E., Wicsenhurg. D.A .• D(~palma, I.P .• 
.Johnson, K.S. and Gustafson, D.E. 1988. 
Interrelationship among primary production, 
chlorophyll ;md cnvironmcnw! l'onditions in fronwl 
regions of the western Mcditcrwnean Sea. Di.!('pSr.:a 
Rex. J5 (5): 793- ~10. 
J\LH·galef, R., !Wi7. l'er.lpi.!ctil'c in Ecological 
Thcr!ly University Chicago Press. Ill pp. 
Mathew. T. and Nail- N.B. 1981. Phytoplankton of 
the \!eli Lake, J\ J,ogoon on the SOtllh West Co(lsf cf 
India. l<-1( 1) : 45-54. 
NIO Report, 1 ')82. Studicsfur wastewater disposal in 
Mahi Evttwry. 2(1 pp. 
Palmer, C.i\1., ;\/goe and Water Polllltion, Castle 
Ilow,e Pub. Ltd .. l~ngland, 123 pp. 
Qasim. S.Z .. H.eddy. C.V.G. 1967. The estimation 
of plunt pigrm:nts of Cocilin bacbvalers during the 
rnonsoon months. 1J1111. mar. Sci. 17(1): 95-110 
n amnn , i\ . V. a n d I' r a lo1 s h , K . P. 1 Wi 9 . 
Phytoplankton in rdation to pollution in 
Visakhapatnam hmhour, cast CO<!Sl or India. Indian 
!.Mar. Sci. 18: .~?~-:~(!, 
Raymont, J .E.G., 1 <)8() Plankton and productil 1ity in 
the Oceans. 1: 4l:)<) pp. 
Strickland, J.D.IL, PHI'~Wns, T.R. 1971. A 
PnH.:tical I landbook of seawater Analysis, IJu/1. 
Fish. Res. /Jd Canada. 167 : 310 pp. 
Vijayalak...,hmi,G.~;. and Veutr~opnlan, V.K. 1973. 
Diurnal vnriation in the physico-chemical and 
biological properties in Vellar estuary. Indian .1. 
Mar. Sci.:~.( .t ), 19-22. 
Yentch, C.l\1., Yentsch. C.S. Hnc.J James, P.P. 1972. 
Alkaline phosphate activity in th~~ tropical murine 
blue green algae, Osci!latoria erythraca 
(Triclwdesmium).l.im. Occanogr. 17(5): 772-774. 
